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[57] ABSTRACT 

In a signal processing network including a color correc- 
tion matrix and gamma compensation, detail processing 
is disclosed that includes a detail extraction circuit for 
generating a detail signal from an un-matrixed green 
signal and a detail enhancement circuit for adding the 
detail signal to the matrixed, gamma-corrected red, 
green and blue signals. The un-matrixed green signal is 
converted to a gamma-corrected green signal and sepa- 
rately input to vertical and horizontal high pass filters, 
which separate detail components representative of 
vertical and horizontal detail, respectively. The vertical 
detail is additionally input to a horizontal low pass filter 
to eliminate excessive enhancement of diagonal image 
components. The detail components are cored and 
input to the detail enhancement circuit. As a result of 
bypassing the color correction matrix and inserting the > 
modified detail, including the diminished diagonal con-/ 
tribution, into the signal channel after gamma correc-j 
tion, the various detail components receive a substan- 
tially uniform visual enhancement regardless of orienta-* 
tion or density in the image. 

12 Claims, 4 Drawing Sheets 
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wanted color sensitivities, i.&, color crosstalk, which 

DETAIL PROCESSING METHOD AND are not scene-dependent. Adding a scene dependent 

APPARATUS PROVIDING UNIFORM gain adjustment (such as a detail boost) affects this 

PROCESSING OF HORIZONTAL AND VERTICAL complex interrelationship in a way the color matrix is 
DETAIL COMPONENTS 5 not designed to handle — in effect adding a scene- 

dependent component that cannot be fully removed by 
BACKGROUND OF THE INVENTION the matrix. 

1. Field of the Invention An article by R. H. McMann, Jr. and A. A. Goldberg 
This invention relates to processing of image signals ("Improved Signal Processing Techniques for Color 

for detail improvement and noise reduction and, more 10 Television Broadcasting", Journal of the SMPTE, 
specifically, to detail processing apparatus and method March 1968, pp. 221-228) represents a partial solution 
that operate separately upon horizontal and vertical to this problem (in an analog processing system). In the 
detail. McMann and Goldberg article, a "contour out of 

2. Description Relative to the Prior Art green" image enhancement approach is disclosed in 
It is sometimes desirable to operate separately upon 15 which an image enhancer is installed in the green chan- 

vertical and horizontal detail in an image. For example, nel between the camera and an electronics unit. The 

it is easier to design separable processing into a real detail signal from the image enhancer is fed into the R, 

time, pipelined digital architecture. Sometimes, it may g, B output channels of a masking amplifier, which 

be advantageous to separately modify the vertical and provides a first order cross matrix correction for colori- 
horizontal detail signals by a non-linear process, e.g., by 20 metric errors due to the difficulty of exactly realizing 

coring the digital signals, before combining the modi- the three color channel spectral response curves called 

fied detail with the image signals. for by theorVi The green channel is tapped for detail 

In U.S. Pat No. 4,609,938, a digital luminance pro- prior t0 matrixing, that is, prior to increasing noise in 

cessing circuit generates vertical and horizontal con- the channc j. thtn ^ processed detail is added 
tour signals that are separately modified and added to a 25 back ^ matrixing , ^ not inserting a scene-depend- 

luminance signal. The vertical contour circuit includes cnt vafiable mto ^ In a Hve camera> ^ mask . 

a series arrangement of a vertical high pass filter and a m amplifier is inserted in the signal path ahead of 

low pass filter. The vertical high pass filter includes a conversioil md performs amaskmg m 

delay lines for processing three adjacent lines in order 7- t m , - 

; ri * ?, . , - , ■ ?n linear space. In a film camera, the masking amplifier is 

to filter out a component having a large vertical vana- 30 r 7 , * u 

tion (on a TV screen). The low pass filter operates on I"* 4 after gamma correction and Performs a mask- 

the vertical contour signal to eliminate the chrominance m * m gamma space, since this location pro- 

subcarrier component by calculating a linear combina- ™*es a certain amount of multiplicative coupling to 

tion of image samples weighted so as to cancel the chro- f m ^^ for ™n-hnear cross coupling of the 

minance subcarrier 35 ^ dyes. In both cases, the detail is extracted from the 

Separating vertical and horizontal detail processing channel P rior to masking, i.e., either in linear or 
works well with detail that has either a predominant ^ ammz s P ace M Stated h Y the masking function. Then 
vertical or horizontal orientation. One or the other the processed detail is added back in the same space, 
detail circuit will detect the detail and provide a corre- Tne problem with the McMann and Goldberg ap- 
sponding detail output DiagonaUy-oriented detail, 40 proach lies in the different requirements of edge en- 
however, gets doubly-enhanced in such a system be- hancement relative to color correction. Color correc- 
cause diagonal detail has both vertical and horizontal tion matrixing is an additive correction process that 
components. Each are separately detected and both should be done m s P ace for best eff ect- Edge 
circuits provide corresponding output, thus — when enhancement, on the other hand, should provide a sub- 
combined— doubling the boost for diagonal detail rela- 45 Jective sharpness improvement equally perceptible in 
tive to vertical or horizontal detail and thereby creating black portions as in white portions of the displayed 
undesirable artifacts in the image. picture. In terms of the linear video signal provided by 

It is desirable to use a "detail out of green" approach the sensor, this is a non-linear multiplicative operation 
for edge enhancement, since there are ordinarily more on the signal, which is difficult to accomplish. There- 
green samples to work with and the green record has 50 fore, linear space edge enhancement excessively boosts 
less noise and artifacts. The green record also corre- detail in the dense parts of the image. In combination 
sponds to the peak visual response, so that the eye is with the problem noted with diagonal detail, present 
more receptive to detail in green. To implement such an detail processing techniques that must operate in con- 
approach, the green channel is tapped for detail at an junction with a colorimetric correction process tend to 
appropriate. point, the detail is processed, and the pro- 55 introduce artifacts in the image, either due to detail 
cessed detail is re inserted into the channel. In cameras orientation or to density variations in the image detail 
with sophisticated signal processing, a color correction <3TTMMary np thp tmvpnttom 
matrix corrects the spectral sensitivities of the image SUMMARY Or THE INVENTION 
sensor for the chromaticities of the display. However The invention provides substantially uniform pro- 
matrixing the green signal changes the green signal in 60 cessing of vertical and horizontal detail components in 
relation to the sensor signal level and increases the noise a signal processing network employing color correction 
in the green channel, depending on the magnitude of the matrixing for colorimetric errors and gamma correction 
"red into green" and "blue into green" matrix terms. for contrast non-linearity. The detail processing initially 
This means that using the matrixed green signal as input converts the unmatrixed luminance signal into a gam- 
for signal enhancement tends to enhance the noise as 65 ma-corrected luminance signal, which is input to a ver- 
well as the detail. The contrary approach, that of en- tical high pass filter and a horizontal high pass filter, 
hancing the green signal prior to color matrixing, also The vertical filter separates a vertical detail signal rep- 
has drawbacks. The matrix is intended to remove un- resentative of vertical components, which is then low 
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pass filtered in a horizontal filter to eliminate variations the interpolation filter, as disclosed in that patent The 
caused by diagonal components of the image. The hori- "three-green'* color filter array is additionally arranged 
zontal high pass filter separates a horizontal detail signal in a "checkerboard" geometry according to the teach- 
representative of horizontal components. The horizon- ing of U.S. Pat. No. 3,971,065, which is also assigned to 
tally-filtered vertical detail signal and the horizontal S the assignee of the present invention. It is to be noted 
detail signal are modified in a process having a transfer that, with this particular color filter, luminance is inter- 
characteristic that is related to the signal level of the polated horizontally while chrominance must be inter- 
image detail. As a result of bypassing the color correc- polated vertically as well as horizontally. This particu- 
tion matrix and inserting the modified detail, including lar color filter array, however, is disclosed only by way 
the diminished diagonal contribution, into the signal 10 of example and has no necessary relationship to the 
channel after gamma correction, the various detail com- detail processing, inasmuch as detail processing oper- 
ponents receive a substantially uniform boost regardless ates on an input luminance signal, regardless of the 
of orientation or density in the image. color geometry of the source. 

BRIEF DESCRIPTION OF THE DRAWINGS a ^%^ b ^££jJ^?K 

The invention will be described in relation to the an analog-to-digital (A/D) converter circuit 18 and for 

drawings, in which generally sequencing other sections of the camera. The 

FIG. 1 is a block diagram showing a video camera digital signal generated by the A/D converter 18 is a 

including a digital post-processor for processing image linearly quantized stream of color signals comprising a 

detail according to the invention; 20 sequence of quantized red (or blue) signals separated by 

FIG. 2 is a diagram of the color filter array shown in quantized green signals. The quantized color signals are 

connection with the video camera illustrated in FIG. 1; applied to a digital signal processing circuit 20 com- 

FIG. 3 is a detailed block diagram of the digital post- posed of two sections: a pre-processor section 22 and a 

processor shown in FIG. 1; post-processor section 24, the latter of which includes 

FIG. 4 is a diagram of the non-linear curve shape 25 detail processing according to the invention. (The sig- 

implemented by the coring circuit shown in FIG. 3; and nal input to the pre processor 22 can also be a non-lin- 

FIG. 5 is a detailed diagram of the edge enhancement early quantized, e.g., log quantized, input signal. In that 

circuit shown in connection with the post-processor case the A/D converter 18 would be preceded by a log 

illustrated in FIG. 3. amplifier to provide log signals to the converter 18.) 

DETAILED DESCRIPTION OF THE 30 ^ ffi ou ** from the circuit 20 is a fully cor- 

rw^TsrrrnM rected, full resolution multi-color digital signal. 

UNVtmiuiN As disclosed in co pending Ser. No. 310,419, the 

FIG. 1 identifies the basic elements of a video camera pre-processor 22 is fully pipelined so that red, green and 

including detail processing as taught by the invention. blue data from the image sensor 14 is processed and 

The layout of the camera generally parallels the archi- 35 provided to the post-processor 24 in real time, that is, 

tecture disclosed in copending Ser. No. 310,419, enti- without the need for any external storage, such as a 

tied "Real-Time Digital Processor for Producing Full framestore. It is further envisioned that post-processing 

Resolution Color Signals from a Multi-Color Image (in the post-processor 24) would also be in real time, but 

Sensor**, which is filed concurrently herewith and as- that is not a necessary adjunct of real time processing in 

signed to the same assignee as the present invention. 40 the pre-processor 22. However, as noted earlier, separa- 

Elements of the camera, either omitted or not shown in bility of vertical and horizontal detail is often advanta- 

detail, may be readily selected from like elements geous in a pipelined, real time system. Consequently, 

known in the art. The microprocessor control system the post-processor 24 is intended to be a real time digital 

and the timing circuit may be implemented in a wholly processing circuit. ("Real time" includes the normal 

conventional manner using available components and 45 video operating rate of the image sensor 14, i.e., sixty 

techniques. Moreover, although the detail processing video fields per second, or any comparable rate that is 

circuit is disclosed in connection with a video camera, rapid enough to permit ordinary photography.) A mi- 

the invention is not necessarily limited to this, or any, coprocessor 26 controls the operation of the pre- 

mode of image capture and, for example, could be in- processor 22 and the post-processor 24, and allows for 

corpbrated generally in image processing systems with- 50 user entry of pre-processing information, such as gain 

out regard to the source of the image signals. offset, to the pre-processor 22. 

Referring to FIG. 1, the video camera includes an FIG. 1 shows the basic architecture of the digital 

optical section 10 for directing image light from a sub- pre-processor 22. The pre-processor 22 receives either 

ject (not shown) through an anti-aliasing or blurring linearly quantized or non-linearly (log) quantized sig- 

filter 11 and a color filter 12 to an image sensor 14. FIG. 55 nals from the A/D converter 18. A read only memory 

2 shows a color filter geometry for the color filter 12, (ROM) look-up table (LUT) 30 maps from the non-lin- 

specifically a "three-green" color filter of the type dis- early quantized (log) input signal to a linear signal 

closed in U.S. Pat No. 4,663,661, which is assigned to value. A multiplexer 32 has two inputs, one connected 

the assignee of the present invention and incorporated to the A/D converter 18 and the other to the ROM 30. 

by reference into the present application. A sensor hav- 60 The multiplexer 32 is switched by the microprocessor 

ing this type of filter produces a sequence of red or blue 26 (or hard-wired for the application) according to the 
signals separated by three green signals, which can also- type of input signal, that is, whether the input signal is 

be considered a chrominance (red or blue) signal sepa- log or linear, thus providing an output that is always 

rated by three luminance (green) signals. To implement linear. This is important because the initial processing 

the type of luminance interpolation disclosed in U.S. 65 steps of black level clamping and luminance interpola- 

Pat. No. 4,663,661, the blurring filter 11 is included to tion are desirably completed in linear space, where the 

prefilter the image light according to a known spread adjustments will be in direct, linear relation to the 
function, which then is incorporated into the design of charge signal amplitudes existing on the image sensor. 
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The signal from the multiplexer 32 is applied to a 
black reference generator 34 and to a black reference 
clamp 36, which are used to establish a stable sensor 
black reference value for the entire image. The black 
reference is an average thermal dark current noise cor- 
rection offset value for the sensor, which, unless re- 
moved from the signals, will corrupt all subsequent 
adjustments and corrections. The black reference gen- 
erator 34 is enabled by the timing circuit 16 before the 
image area of the sensor 14 is scanned in order to collect 
a sample of dark current signal values from non-dis- 
played pixels on the image sensor 14. The black refer- 
ence generator 34 calculates an average of these signal 
values and provides the calculated average to the clamp 
36. As the image values of the pixels from the active 
image area are subsequently processed, the average 
black reference value is subtracted from each pixel 
value in the clamp 36. 
The clamped signals are applied to a sensor defect 



10 



15 



The log hue signals, following white balancing, are 
applied to a hue interpolation circuit 52. Because the red 
and blue color signals are separated by full lines in each 
field, the hue interpolation circuit 52 includes two line 
delays for operating on three lines of chroma. In prac- 
tice, the circuit 52 is separated into a vertical hue inter- 
polation section and a horizontal hue interpolation sec- 
tion as disclosed in the above-mentioned Ser. No. 
310,419. The vertical interpolation section provides 
either the actual log hue signal value or an average of 
the adjacent log hue signal values. The vertically inter- 
polated values are applied to respective log blue-log 
green, and log red-log green horizontal interpolator 
sections. The horizontal interpolation in each section is 
obtained by using a polyphase finite impulse response 
(FIR) filter to provide an interpolated log hue value for 
ea:h luminance pixel location. 

The output of the interpolator 52 is a full resolution 
log blue-log green (hue) signal and a full resolution log 



concealment circuit 38, which conceals defective pixels 20 red-log green (hue) signal. Meanwhile, the log green 
by substituting the value of the closest previous hori- gjgnaj has been delay equalized in a full line delay 54. 
zontally adjacent pixel of the same color. The defective The full resolution log blue-log green and log red-log 
pixels are predetermined as to location by a defect table green signals are respectively summed with the delayed 
(not shown), which controls operation of the circuit 38. j og m a b i ue addition circuit 56 and a red 

The stream of pixel signals is next applied to a lumi- 25 addition circuit 58. The output ofthese addition circuits 
nance pixel interpolation circuit 40, which calculates a plus ^ delayed log green signals comprise the output 
luminance value for that proportion (one quarter, in this of ^ integrated circuit 22, namely, full resolution, 
case) of the pixel locations, namely, those collecting red uncorrected logarithmic red, green and blue signals 
and blue information, that are missing a luminance, or provided at terminals 60-1, 60-2, and 60-3, respectively, 
green, value. The interpolation circuit 40 interpolates a 30 ^ addition, the undelayed log green signal is provided 
green value for these locations (the missing green pix- ^ ^ output ^^1,^1 60-4. 

els) by using a horizontal finite impulse response (FIR) xh e fuU resolution red, green and blue signals are 
digital filter of the type disclosed in the above-men- subjected to a number of signal corrections and im- 
tioned U.S. Pat. No. 4,663,661 and in copending Ser. provements in the post-processing circuit 24. The full 
No. 310,419. One output of the interpolator 40 is a full 35 rcsolution rcd# md blue outputs of thc circuit 24 
resolution luminance (green) signal, that is, a signal h applied to a digital-to-analog CD/ A) converter 62 
stream with green values for every pixel location. Since which generatcs red> green and blue signals. The 

intermittent values (every fourth value, in this case) of sigIials m ^red in a storage device 64 and later 

the stream of signals input to the interpolator 40 are displayed, or directly applied to a display 66. Referring 
chroma (red or blue) signal values, the chroma values 40 
are separately output as a partial resolution chroma 
signal. 

The full resolution interpolated green signal and the 
partial resolution chroma (red and blue) signal are trans- 
formed into an approximately logarithmically quantized 45 
space by a set of linear to log ROM look-up tables 42. 
This transformation is useful because the chroma pro- 
cessing is to involve hues, that is, the ratio of red or blue 
to green, rather than the red or blue values themselves. 



now to FIG. 3, the logarithmic red, green and blue 
signals input to the post-processor 24 are transformed 
into linear signals in a linear ROM look-up table 70. The 
black level is corrected for lens flare by separately inte- 
grating the scene intensity in each color and then sub- 
tracting a certain percentage of this average (depending 
on the lens quality) from every pixel of the image in a 
correction circuit 72. The linearly quantized red, green, 
and blue signals are next matrixed in a color correction 
matrix 74 in order to properly correct the spectral sensi- 



It is known that mterpolating hue values rather than red 50 tivities of tne for ^ c hromaticities of the 



or blue values greatly reduces false colors in areas with 
a significant amount of luminance detail. The ratio of 
red or blue to green is generated by subtracting the log 
green from the log chroma signals in a subtracting cir- 
cuit 44, which provides a line sequence of log blue-log 55 
green and log red-log green signals (log hue signals). 
Next, the white balance and gain are adjusted. Respec- 
tive white balance offset values are subtracted from the 
log blue-log green and log red-log green values in a 
white balance circuit 46 to achieve the proper white 60 
balance and a gain offset value is summed with the log 
green value in a gain circuit 48 to adjust the signal gain. 
The white balance oflset value is obtained from white 
balance computation circuit 50, which computes the 



output (such as the display 66, as shown in FIG. 1). The 
color correction matrix 74 provides a matrix transfor- 
mation as follows (which is exemplary of a particular 
application only) 







"l3/8 


-1/4 


Q 




-1/16 


20/16 


B 




-1/32 


-1/2 



-3/8 
-1/4 
49/32 



B] 



wherein R, G, B are uncorrected red, green and blue 
values and R', G', B' are the corrected color values. It 
is noted that ea:h corrected color includes a contribu- 



separate averages of a number of log blue-log green and 65 tion from the other colors according to a known, pre- 



log red-log green values (while the user is aiming the 
camera at a white card). The gain offset is input from 
the microprocessor 26 to the gain adjust circuit 48. 



dictable relationship between the chromaticities of the 
image sensor and the output display. Such contributions 
are system-dependent rather than scene-dependent. 
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(Detail processing, on the other hand, is highly scene- 100 and the line-delayed signal from the terminal 60-2 is 

dependent). The matrixed red, green and blue signals applied to the input line 102. The vertical detail signal is 

are then gamma-corrected in a log to gamma ROM obtained from a vertical finite impulse response (FIR) 

look-up table 76, which provides suitable curve shape filter having the coefficients (—0.5, + 1.0, —0,5) imple- 

transformations to adjust the non-linear contrast rela- 5 men ted with adds, subtracts and right shifts as shown 

tionship between signal voltages at the input (sensor 14, within the block 86 in FIG. 5. The vertical detail is 

FIG. 1) and the light values at the output (e.g. display horizontally filtered through a horizontal low pass FIR 

66, FIG. 1) of the system. filter having coefficients (0.25, 0.5, 0.25), also imple- 

The gamma-corrected red, green and blue signals are mented with adds and right shifts as shown within the 

next processed in a detail processing circuit to improve 10 block 88 in FIG. 5. Meanwhile the horizontal detail is 

the subjective sharpness of the image. The detail pro- obtained with a horizontal high pass FIR filter with 

cessing circuit includes a detail extraction circuit 77 for coefficients (—1, +2, — 1) as shown within the block 

generating a detail signal and a detail enhancement 84. The gain of the horizontal detail channel is double 

circuit 78 for adding the detail signal to the gamma-cor- that of the vertical detail channel, in order to make up 

rected red, green and blue signals. The detail signal is 15 for the horizontal blurring which occurs in the optical 

generated by the afore mentioned "detail out of green" anti-aliasing filter 11. According to one aspect of the 

approach. Two lines of green are provided directly invention, the combined effect of the vertical and hori- 

from the pre-processor circuit 22 at terminals 60-2 and zontal components of diagonal detail "leaking" through 

60-4 and an additional line delay is added by a line delay the vertical detail circuit 86 and the horizontal detail 

circuit 80. Since the two green input signals are loga- 20 circuit 84 is deemphasized by the horizontal low pass 

rithmic, a log to gamma ROM look-up table 82 is pro- filter 88 acting upon vertical detail. For this to succeed, 

vided to convert the log signals to gamma-corrected the horizontal filter 88 must "see" the diagonal compo- 

signals. As described earlier, un-matrixed green signals nent and therefore must operate on a linear combination 

reduce the amount of noise that gets enhanced, since of image samples properly spaced according to vertical 

matrixing the green signal increases the noise in the 25 and horizontal sample pitch and weighted for detection 

green signal, depending on the magnitude of the "red of the diagonal component. The close pattern of (0.25, 

into green" and "blue into green" matrix terms. Adding 0.5, 0.25) is an example of such weighting. In the final 

the detail signal back in gamma-corrected space insures result, the various detail components obtain substan- 

that the detail boost affects black areas and white areas tially the same visual enhancement regardless of orien- 

in a visually equal manner. 30 tation or density in the image. 

Separate green detail signals are extracted in the hori- The invention has been described in detail with par- 

zontal and vertical directions by a horizontal detail ticular reference to a presently preferred embodiment, 

extraction circuit 84 and a vertical detail extraction but it will be understood that variations and modifica- 

circuit 86, respectively. The vertical detail signal is then tions can be effected within the spirit and scope of the 

filtered with a horizontal low pass filter 88 to prevent 35 invention. Although a detail processing circuit has been 

diagonal detail from being doubly-enhanced. The hori- disclosed for processing a detail signal, the functions 

zontal and the filtered vertical detail signals are summed included in the disclosed circuit could be equivalent] y 

in a summing circuit 90 and the sum is modified in a accomplished in the program of a computer. Therefore, 

mask-programmable ROM look-up table 92. The ROM the claims directed to an apparatus should be under- 

92 executes a process having a transfer characteristic 40 stood to include a programmed computer as well as the 
that is related to the signal level of the image detail. This disclosed circuit, or the equivalents thereof, 

process may take several forms, ranging from a simple What is claimed is: 

linear amplification of the detail to non-linear attenua- 1. Detail processing apparatus for improving the 
don of the noise component in the detail. It may also detail components of an . image signal, the apparatus 
include clipping of the detail signal at its noise level, 45 being part of a signal processing network in which 
thus providing a noise signal which is subtracted from separate luminance and chrominance signals are cor- 
the image signals in the detail enhancement circuit 78. rected for colorimetric errors in a correction matrix and 
In the preferred embodiment, the ROM 92 executes a compensated for contrast non-linearity in a gamma 
non-linear coring process. The preferred look-up table correction stage, said detail processing apparatus corn- 
curve shape is illustrated in FIG. 4, which shows that 50 prising: 

low level inputs from noise are set to zero, higher level means for converting the un-matrixed luminance 

signals are amplified to enhance edges, and. very high signal to a gamma-corrected luminance signal; 

level signals are attenuated to prevent over enhance- a vertical high pass filter for filtering the un-matrixed, 

ment of strong edges. The non-lin early amplified green gamma-corrected luminance signal and separating 

detail is then summed with the gamma-corrected red, 55 therefrom a vertical detail signal representative of 

green and blue signals in the edge enhancement circuit vertical components of the image; 

78 to form the digital outputs of the post-processor 24. a horizontal low pass filter for filtering the vertical 

Further detail of the detail enhancement circuit 78 detail signal for horizontal variations caused by 

and the detail extraction circuit 77 is shown in FIG. 5. diagonal components of the image and generating 

The circuit 77 is implemented in hard-wired form by 60 therefrom a filtered vertical detail signal; 

adds, subtracts and a series of right-shifts (and left- a horizontal high pass filter for filtering the un- 

shifts), from which binary division (and multiplication) matrixed, gamma-corrected luminance signal and 

is obtained. (The adds are denoted by M +'\ the differ- separating therefrom a horizontal detail signal rep- 

ences by " and the right-shifts by a slash "/" with resentative of horizontal components of the image; 

the binary division next to it. The registers denoted 65 means for modifying the filtered vertical and the 

"REG" provide the necessary timing delay for pipe- horizontal detail signals by a process having a 

lined operation.) The green signal from the terminal transfer characteristic that is related to the signal 

60-4 of the pre-processor 22 is applied to the input line level of image detail; and 
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means for combining the modified detail signals with 
the matrixed, gamma-corrected image signals 
whereby the extra: ted detail bypasses the color 
correction matrix and is inserted into the signal 
channel after gamma correction, the various detail 5 
components obtaining substantially the same visual 
enhancement regardless of orientation or density in 
the image. 

2. Detail processing apparatus as claimed in claim 1 in 
which the filtered vertical detail signal and the horizon- 10 
tal detail signal are summed together and the sum forms 
the input to said detail signal modifying means. 

3. Detail processing apparatus as claimed in claim 2 in 
which said detail signal modifying means comprises a 
coring stage having a non-linear characteristic that 15 
amplifies image detail and attenuates noise. 

4. Detail processing apparatus as claimed in claim 3 in 
which said coring stage has a transfer curve shape that 
eliminates low level input signals to provide a zero 
output, amplifies intermediate level input signals to 20 
provide an enhanced output, and attenuates high level 
input signals to prevent an over-enhanced output 

5. Detail processing apparatus as claimed in claim 1 in 
which said horizontal low pass filter operates on a lin- 
ear, weighted combination of image samples that are 25 
spaced according to vertical and horizontal sample 
pitch so as to detect a diagonal component. 

6. Detail processing apparatus for improving the 
detail components of an image signal, the apparatus 
being part of a signal processing network in which 30 
separate red, green and blue signals are corrected for 
colorimetric errors in a correction matrix and compen- 
sated for contrast non-linearity in a gamma correction 
stage, said detail processing apparatus comprising: 

means for converting the un-matrixed green signal to 35 
a gamma-corrected green signal; 

a vertical high pass filter for filtering the un-matrixed, 
gamma-corrected green signal and separating 
therefrom a vertical detail signal representative of 
vertical components of the image; 40 

a horizontal low pass filter for filtering the vertical 
detail signal for horizontal variations caused by 
diagonal components of the image and generating 
therefrom a filtered vertical detail signal; 

a horizontal high pass filter for filtering the un- 45 
matrixed, gamma-corrected green signal and sepa- 
rating therefrom a horizontal detail signal represen- 
tative of horizontal components of the image; 

means for modifying the filtered vertical and the 
horizontal detail signals by a non-linear process 50 
having a non-linear transfer characteristic that is 
related to the signal level of image detail; and 

means for combining the modified detail signals with 
the matrixed, gamma-corrected image signals 
whereby the extracted detail bypasses the color 55 
correction matrix and is inserted into the signal 
channel after gamma correction, the various detail 
components obtaining substantially the same visual 
enhancement regardless of orientation or density in 
the image. 60 

7. Detail processing apparatus as claimed in claim 6 in 
which the filtered vertical detail signal and the horizon- 
tal detail signal are summed together and the sum forms 
the input to said detail signal modifying means. 

8. Detail processing apparatus as claimed in claim 7 in 65 
which said detail signal modifying means comprises a 
look up table having a non-linear characteristic that 
amplifies image detail and attenuates noise. 
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9. Detail processing apparatus as claimed in claim 8 in 
which said look up table executes a transfer curve shape 
that eliminates low level input signals to provide a zero 
output, amplifies intermediate level input signals to 
provide an enhanced output, and attenuates high level 
input signals to prevent an over-enhanced output 

10. A digital detail processing circuit for improving 
the detail components of a quantized image signal, the 
circuit being part of a digital signal processing network 
in which quantized red, green and blue signals are cor- 
rected for colorimetric errors in a correction matrix and 
compensated for contrast non-linearity in a gamma 
correction circuit, said detail processing circuit com- 
prising: 

means for converting the un-matrixed green signal to 
a gamma-corrected green signal; 

a vertical high pass filter for filtering the un-matrixed, 
gamma-corrected green signal and separating 
therefrom a vertical detail signal representative of 
vertical components of the image; 

a horizontal low pass filter for filtering the vertical 
detail signal for horizontal variations caused by 
diagonal components of the image and generating 
therefrom a filtered vertical detail signal; 

a horizontal high pass filter for filtering the un- 
matrixed, gamma-corrected green signal and sepa- 
rating therefrom a horizontal detail signal represen- 
tative of horizontal components of the image; 

means for combining the filtered vertical detail signal 
and the horizontal detail signal; 

a coring look-up table for modifying the combined 
detail signal by a non-linear process that amplifies 
at least some image detail and attenuates noise; and 

means for adding the modified detail signal to the 
quantized, matrixed, gamma-corrected red, green 
and blue signals whereby the extracted detail by- 
passes the color correction matrix and is inserted 
into the signal channel after gamma correction, the 
various detail components obtaining substantially 
the same visual enhancement regardless of orienta- 
tion or density in the image. 

11. A digital detail processing circuit as claimed in 
claim 10 in which said horizontal low pass filter oper- 
ates on a linear combination of adjacent image samples 
that are weighted so as to detect a diagonal component. 

12. A detail processing method for improving the 
detail components of an image signal, the method being 
part of a signal processing system in which separate 
luminance and chrominance signals are corrected for 
colorimetric errors by a matrix correction and compen- 
sated for contrast non-linearity by a gamma correction, 
said detail processing method comprising the steps of: 

converting the un-matrixed luminance signal to a 
gamma-corrected luminance signal; 

high pass filtering the un-matrixed, gamma-corrected 
luminance signal in the vertical direction and sepa- 
rating therefrom a vertical detail signal representa- 
tive of vertical components of the image; 

low pass filtering the vertical detail signal for hori- 
zontal variations caused by diagonal components 
of the image and generating therefrom a filtered 
vertical detail signal; 

high pass filtering the un-matrixed, gamma-corrected 
luminance signal in the horizontal direction and 
separating therefrom a horizontal detail signal rep- 
resentative of horizontal components of the image; 

modifying the filtered vertical and the horizontal 
detail signals by a process having a transfer char ac- 
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teristic that is related to the signal level of image 
detail; and 

combining the modified detail signals with the ma* 
trued, gamma-corrected image signals whereby 
the extracted detail bypasses the matrix correction 5 
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and is inserted into the signal channel after gamma 
correction, the various detail components obtain- 
ing substantially the same visual enhancement re- 
gardless of orientation or density in the image. 
***** 
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